Abstract. The aim of this study is to examine the efficiency of Islamic banks during and after the financial crisis, specifically in
Introduction
Islamic banks exist today in all parts of the world. From the pioneering efforts of the Dubai Islamic Bank in 1975, the number of Islamic banks has increased to more than 300 today. In Asia, the Islamic banking industry has expanded with new and potential players. The global financial crisis of [2007] [2008] , with its epicentre in the US, brought immense complications for the world's economy. It started as an asset bubble created by an array of financial derivatives that led to the subprime mortgage boom. It then triggered a housing crisis. From a housing crisis, it quickly grew into a banking crisis, with the investment and merchant banks first absorbing the impact before it spread to the commercial banks (Krugman, 2009 ).
The financial crisis, which caused the collapse of investment banks, has focused public attention on the weaknesses of conventional financial systems, which has in turn led to the identification of Islamic financing as an alternative. Mirakhor (2008) asserted that Islamic finance was resilient to shocks because of its inherent stability (Mirakhor, 2008) . This view was supported by Siddiqi (2008) , who argued that the world of banking and finance without riba and maysir was a better alternative to the current scenario. Asian countries with no ex-ceptions were also affected by the crisis. It is therefore important to evaluate how and to what extent the Islamic banks in the region performed during the crisis. This paper therefore seeks to evaluate the performance of Islamic banks operating in Asian countries during the period 2007-2011, which includes the period of the 2007-2008 financial crisis. The study has a straightforward aim: to assess the performance of the Islamic banking sector during the financial crisis through a comparison among Islamic banks operating in Asian countries. Such an assessment can be important for a future reform agenda in Asia. This paper compares the efficiency indicators of Islamic banks in Asia using a non-parametric measure called data envelopment analysis (DEA) and further evaluates factors influencing efficiency using the Tobit regression model.
The rest of this paper is structured as follows: the next section reviews the available literature, focusing on the efficiency of Islamic banks across various countries. The research methodology is outlined in Section 3, followed by the presentation of the results of the analysis in Section 4. The final section contains some concluding remarks and areas for future work.
Literature review
In the banking literature, many researchers have focused on the determinants of banks' performance in terms of their profitability and efficiency (Khediri et al., 2015) . In terms of studies on bank efficiency, most of these have focused on geographical regions or individual countries, where they have focused on types of bank. . Most of the findings have explained that the financial crisis had a negative impact on levels of efficiency at Islamic banks.
Focusing on the subject of efficiency in the Islamic banking industry, Yudistira (2004) used DEA to examine the performance of 18 Islamic banks from the Gulf Cooperation Council (GCC) countries, and East Asian, Middle Eastern and African countries from 1997 to 2000. The findings suggested that these banks had experienced slight inefficiency during the global crisis of 1998 and 1999. The source of this inefficiency was related to pure technical rather than scale inefficiencies. Meanwhile, the study found that risk-taking and profitability did not have a significant effect on overall technical efficiency.
Recently, Sufian and Noor (2009) examined the efficiency of the Islamic banking sector in countries in the Middle East and Africa (MENA) region and Asia using DEA to estimate the overall technical efficiency, pure technical efficiency and scale efficiency for each bank from 2001 to 2006. The outcome was that Islamic banks in MENA countries obtained a higher mean technical efficiency rating than those in Asian countries. Meanwhile, the source of technical inefficiency was pure technical inefficiency rather than scale inefficiency in both the MENA and Asian banking sectors. This study also found positive effects from size, capitalisation and profitability on the efficiency of Islamic banks. However, the risk factor proxy of loans loss provision to total loans had a negative effect on efficiency.
A recent study conducted by Abdul Rahman and Rosman (2013) examined and compared the efficiency of Islamic banks in the MENA countries, including the GCC and Asian countries, using DEA based on an intermediation approach for the period between 2006 and 2009. The sample comprised 63 Islamic banks across the countries. The study found that the main source of technical inefficiency among the Islamic banks was their scale inefficiency, while Islamic banks from Asian countries were found on average to be relatively more efficient than those in MENA countries. It was also found that the main determinant of an Islamic bank's efficiency was the economic condition of the country it was in.
Only a few studies have discussed the impact of the financial crisis on the performance of Islamic banks. Islamic banks across a number of countries. It was found that Islamic banks were able to sustain the financial crisis, but most were scale inefficient where they were operating at a decreasing to scale. Moreover, it was found that capitalisation and profitabil-ity were the main determinants of Islamic banking efficiency. Recently, Belanès et al. (2015) investigated the influence of the subprime crisis on the efficiency of Islamic banks in the GCC region for the period between 2005 and 2011. It was found that the crisis led to a slight decline in Islamic banking efficiency. However, most of these banks remained efficient, because only some of them had relatively minor decreases in their efficiency levels.
Following the thorough literature review, this study is expected to extend the previous literature by providing empirical evidence of the efficiency of Islamic banks in Asian countries not only during the financial crisis, but also afterwards. In addition, this study examines the sources of technical inefficiency and subsequently explains the main determinants of efficiency, including bank-specific factors, risk factors and macroeconomic factors. These findings make significant contributions, not only in light of the limited number of studies conducted during the financial crisis, but by aiding an understanding of efficiency and its determinants with regard to Islamic banks during and after the financial crisis. This can help give some insight to policymakers and international bodies such as the Islamic Financial Services Board.
Research methodology

Data envelopment analysis
In this study, a non-parametric DEA has been used, with variable return to scale assumptions, to measure the input-oriented technical efficiency of Islamic banks in Asian countries. Charnes, Cooper and Rhodes (1978) introduced a DEA model known as the CCR model for measuring the efficiency of each decision-making unit (DMU). It is obtained as a maximum of a ratio of weighted outputs to weighted inputs. This denotes that if more outputs are produced for a given input, the production is considered to be more efficient. The weights for the ratio are determined by a restriction that similar ratios for every DMU must be less than or equal to unity. This definition of efficiency allows multiple outputs and inputs to be measured without requiring pre-assigned weights. Multiple inputs and outputs are reduced to a single "virtual" input and single "virtual" output by optimal weights. The efficiency measure is then a function of the multipliers of the virtual input-output combination.
Among the strengths of the DEA method are that it is less demanding of data and works with a small sample size (Canhoto and Dermine, 2003) . These are among the reasons for choosing DEA as the tool for examining the efficiency of Islamic banks in Asian countries. DEA does not require a preconceived structure or specific functional form for it to be used on the data for identifying and determining the efficient frontier, error and inefficiency structures of the DMU (Bauer et al., 1998).
The CCR model presupposes that there is no significant relationship between the scale of operations and efficiency. It assumes that all DMUs are operating at constant return to scale (CRS) and it delivers overall technical efficiency (OTE). Nevertheless, in practice firms might face either economies or diseconomies of scale. If the CRS assumption is used when not all DMUs are operating at optimal scale, the computed measures of technical efficiency will therefore be contaminated with scale efficiencies.
An extension of the CCR model developed by Banker, Charnes and Cooper (1984) relaxes the CRS assumption. This BCC model was used to evaluate the efficiency of the DMU characterised by variable returns to scale (VRS). The VRS assumption provides a measurement of pure technical efficiency, which is a measurement of technical efficiency devoid of scale efficiency effects. If the scores for technical efficiency and pure technical efficiency of a particular DMU are different, then it shows the existence of scale inefficiency.
Using the VRS assumption, the input-oriented DEA model can be represented by the following linear programming problem:
(
where λ is an N x 1 intensity vector of constants and φ is a scalar (1 ≥ φ ≤ ∞). N1 is an N x 1 vector of ones. For N number of firms, yi and xi are the M x N and K x N output and input vectors, respectively. Y comprises the data for all N firms. Given a fixed level of inputs for the ith firm, the proportional increase in outputs to be achieved by the firm is indicated by φ -1. Note that without the convexity constraint N1' λ = 1, equation (1) becomes a DEA model with CRS technology. The convexity constraint implies that an inefficient firm is benchmarked against firms of a similar size and the projected point of that firm on the DEA frontier will therefore be a convex combination of the firms observed. In other words, each firm would produce on or to the right of the convex production possibility frontier. If technical efficiency scores for a particular firm with or without the convexity constraint imposed are the same, then the firm is operating under CRS. If these scores are different, the firm operates under VRS technology. However, in such a case, it would be necessary to identify whether the firm or DMU operates with IRS or DRS. To do this, an assumption of non-increasing returns to scale (NIRS) is imposed in (1) and the convexity constraint N1' λ = 1 is substituted with N1' λ ≤ 1. This gives the following:
The solution of equation (2) reveals the nature of scale efficiencies. IRS exists if the technical efficiency score obtained with NIRS technology differs from the technical efficiency estimates with VRS technology. If both of these efficiency scores are equal, then the corresponding firm operates with DRS.
DEA can be used to derive measures of scale efficiency by using VRS alongside the CRS. It can be derived to construct an input orientation or output orientation measure. Input orientation aims to reduce input volumes as much as possible without a reduction in output, whereas output orientation aims to maximise output levels without an increase in inputs (Cooper et al., 2000) .
The standard approach to measuring scale effects using DEA is to run models on both a CRS and VRS basis. Scale efficiency is found by dividing the efficiency score from the CRS model by the efficiency score from the VRS model. Because the data points are enveloped more tightly under the VRS model, the VRS efficiency scores will be higher and the scale efficiency measures will therefore be in the range of 0 to 1. One important characteristic of the VRS model is that it shows whether a DMU is operating at increasing, constant or decreasing returns to scale. Constant returns to scale will apply when the CRS and VRS efficiency frontiers are tangential with each other -in other words, when the slope of the efficiency frontier is equal to the ratio of inputs to outputs (Cooper et al., 2000) . Increasing returns to scale must apply below that level, as the slope of the efficient frontier that reflects the marginal rate of the transformation of inputs to outputs will be greater than the average rate of conversion. On the other hand, decreasing returns to scale must apply above the zone in which constant returns to scale apply. Any DMUs not on the efficient frontier must first be projected onto the efficient frontier before their return-to-scale status can be assessed.
Multivariate Tobit regression analysis
To test the determinants of efficiency for Islamic banks in Asian countries, three models of efficiency (OTE, PTE and SE) will be tested against the determinants. OTE measures the overall ability of operators (or DMUs) to convert inputs into outputs. Consequently, DEA also permits further decomposition of OTE into its two components -namely pure technical efficiency (PTE) and scale efficiency (SE). PTE measures the ability of operators to convert inputs into out-puts (devoid of SE effects), while SE measures the extent to which operators can take advantage of returns to scale by altering its size towards the optimal scale. Because the DEA technique produces efficiency scores bounded by 0 and 1, it is appropriate to use a limited dependent variable approach such as the Tobit model to perform the multivariate analysis. The possible determinants of the efficiency of Islamic banks are investigated using a random effects Tobit model. The standard Tobit model can be defined as follows for bank i:
whereare the vectors of the explanatory variables and unknown parameters, respectively, is a latent variable and is the DEA efficiency score.
With efficiency scores as the dependent variable, the following regression model is estimated:
where is the technical efficiency, pure technical efficiency and scale efficiency of the jth bank in period t obtained from DEA, bank characteristics are an array of bank-specific trait variables, and macroeconomic conditions are a vector of macroeconomic variables. Details of the independent variables and their hypothesis are shown in Table 3 .3.
Definition and choice of variables
In the banking literature, two main approaches are broadly used in defining and measuring the inputs and outputs used -namely the production approach and the intermediation approach 1 (Sealey and Lindley, 1977) . This study adopts the intermediation approach, because this has been used extensively in specifying the inputs and outputs of the banking industry. We used two outputs and three inputs in investigating the efficiency of Islamic banks in Asian countries 1 Under the production approach, banks are primarily regarded as producers of services for customers. The inputs used in this approach include labour and materials or their associated costs. The output under this approach portrays the services provided to customers and is best measured by the number and type of transactions, documents processed or specialised services provided over a given time period. Under the intermediation approach, financial institutions are regarded as intermediaries between savers and investors. In this study, Islamic banks collect deposits and other liabilities, and invest the funds in productive sectors of the economy that yield returns that are free from riba.
for the period between 2007 and 2011. Table 3 .1 outlines the descriptive statistics of the inputs and outputs used in this study. The outputs were financing and other earnings assets, while the inputs were deposits and short-term funding, fixed assets and personnel expenses. The efficiency frontier was constructed by using an unbalanced sample of 23 Islamic banks operating in Asian countries during the period 2007-2011, yielding 101 bank-year observations (Table 3. 2). Table 3 .3 provides the list of banks and countries used in this study. Data were extracted from the BankScope database for the five-year period. All the variables were measured in millions of US dollars. Meanwhile, Table 3 .4 lists the variables used in the regression models. Table 3 .4 shows the variables used in the regression model, including the return on assets (ROA), natural logarithm of total assets (LNTA), loans to total assets (LTA), total book value of shareholders' equity over total assets (EQTA), credit risk (CR), natural logarithm of gross domestic product (LNGDP) and inflation, measured by the consumer price index (CPI). It is expected that ROA, LNTA, LTA, EQTA and LNGDP will positively affect efficiency, whereas CR and CPI are expected to be negatively related to efficiency.
Results and findings
In this section, the results of efficiency measured using the DEA method are discussed. We constructed an annual frontier specific for each year that was more flexible and more appropriate than estimating a single multi-frontier. In this study, there are five separate frontiers. Furthermore, separation of OTE into its PTE and SE components is discussed. Table  4 .1 shows that during the study period, the Islamic banks exhibited a mean OTE of 68.5%. This result suggests that 31.5% of the inputs could have been saved by banks while still producing the same amount of outputs that they generated. In other words, by using 68.5% of the inputs they actually used, the banks could have produced the same quantity of outputs. Additionally, by examining both pure technical efficiency and scale efficiency, it can be seen that pure technical efficiency dominated scale efficiency in each year except 2007. But interestingly, the difference between pure technical efficiency and scale efficiency was minimal. This may have been because of the higher overall technical efficiency score achieved by Islamic banks in Asian countries. Likewise, the decomposition of overall technical efficiency into its pure technical and scale efficiency components suggests that scale inefficiency outweighed pure technical inefficiency in Islamic banks for every year in the study period except 2007. Hence, for the period from 2008 till 2011, the cause of inefficiency among Islamic banks was their operation at the wrong scale (that is, producing at IRS or DRS). Table 4 .2 shows the percentage share of Islamic banks' return to scale (RTS). In this study, the majority of Islamic banks were found to be operating at DRS over the four-year period , in which a rise in inputs resulted in a more than proportionate rise in outputs. The table shows that a higher percentage (i.e. more than 50%) of Islamic banks were operating at DRS after the financial crisis. As compared to during the financial crisis, there were minimal differences in the percentage of CRS and DRS, especially in 2008 and 2009. The trend was therefore that Islamic banks in Asia that were operating at CRS during the financial crisis were operating at DRS after it.
Efficiency of Islamic banks
Despite the fact that the majority of the Islamic banks were operating at DRS over the period covered, it was also found that a high percentage them were actually operating at an optimum level, particularly in 2008 and 2009. The banks operating at CRS were operating at the right scale. However, this was not the case after the financial crisis, when there was a lower percentage of CRS banks (18% in 2010 and 25% in 2011). This is an issue, because IRS and DRS banks need to reach an optimum scale of operations. It is suggested that Islamic banks with IRS increase the scale of their operations, while those with DRS consider downsizing to achieve significant cost savings and efficiencies.
Factors affecting efficiency
Regression results focusing on the relationship between bank efficiency and its determinants are presented in Tables 4.3, 4.4 and 4.5, with overall technical efficiency (OTE), pure technical efficiency (PTE) and scale efficiency (SE) as dependent variables, respectively. Five bank characteristics (ROA, LNTA, LTA, EQTA and CR) and two macroeconomic variables (LNGDP and CPI) were assessed in determining the efficiency of Islamic banks in Asian countries.
The proxy of profitability, ROA, reveals a significant positive relationship with OTE, indicating that more efficient banks tend to be more profitable. However, ROA was insignificant in determining the PTE and SE of Islamic banks in Asian countries. LNTA, a proxy for the size of a bank, was found to negatively affect OTE and SE (the variable was found to positively affect PTE, but insignificantly). These results were found to be in contradiction with the hypothesised relationship, whereby larger banks were assumed to be more efficient. The negative relationship might be down to the fact that increasing the size of a bank is a source of additional costs and tends to reduce the efficiency of larger banks (Moussawi and Obeid, 2011) .
The findings also indicate that LTA, a measure of loan intensity, has a significant positive effect on OTE, PTE and SE at the 1% levels, respectively. The results suggest that banks with a higher loan-to-asset ratio tend to exhibit higher efficiency levels (Sufian and Mohamad Noor, 2009 ). Based on the efficient market hypothesis, market power in loan markets may be the result of efficient operations, whereby those with the ability to manage operations more productively might bear lower production costs, which in turn enables them to offer more reasonable loan terms and gain a larger market share. Havrylchyk (2006) , the credit risk variable, which is measured by the loan loss provisions over total loans, is incorporated in the regression model. As expected, it was found that credit risk had a significant negative relationship with OTE and PTE (credit risk was found to be insignificant with SE, although the relationship is the same). These results are consistent with earlier findings (for example, Kwan and Eisenbeis (1995) , Resti (1997) , and Sufian and Mohamad Noor (2009)), which identified a negative relationship between problem loans and bank efficiency -implying that the greater the risk, the less efficient the bank. It is therefore suggested that Islamic banks should take credit risk management as one of their agendas for improving their efficiency, because problem loans have been proven to be troublesome (Sufian, 2009) .
With regard to macroeconomic variables, as was expected and consistent with previous findings (eg. Sufian and Noor, 2009 and Sufian and Habibullah. 2013), it was found that GDP as measured by LNGDP exhibits a significant positive relationship with bank efficiency. As favourable economic conditions have developed in countries after the financial crisis, the demand for Islamic banking products and services have also tended to grow.
As a final check, dummy variables for each year (DUM2008, DM2009, DUM2010 and DUM2011) were used to take into account changes in the Islamic banking environment during the study period. The findings suggest that Islamic banks in Asian countries were relatively more efficient in 2009 and 2011.
Conclusion
By employing the DEA and Tobit regression models, this paper has managed to examine the efficiency of Asian Islamic banks during the financial crisis and further determine the factors that had an impact on their efficiency. During the period under study, Asian Islamic banks showed a mean overall technical efficiency of 68.5%. It is worth noting that this efficiency was mainly contributed by the pure technical efficiency, implying that Islamic banks in Asian countries were managerially more efficient at exploiting their resources during the financial crisis. The results also indicate that internal factors and exogenous factors appear to significantly contribute to varying efficiency scores. This is important in strengthening Islamic banks to deal with future crises. With huge competition from their conventional banking counterparts, Islamic banks need to be able to face this kind of challenge in order to be competitive.
Owing to its limitations, this study could be extended in a number of ways. Firstly, its scope could be extended to investigate other types of efficiencies, such as cost and allocative efficiency. Secondly, future research could also consider using a parametric approach to examine the efficiency of Islamic banks in this region. Other variables such as other types of risk (such as liquidity risks) and the age of the banks could also be included in a regression model.
Despite these limitations, this study provides a significant contribution to the operating performance of the Islamic banking industry in Asian countries. The findings can give policymakers, bank managers and international bodies such as the Islamic Financial Services Board better insights into the performance of Islamic banks during a financial crisis. Issues relating to scale inefficiencies may influence policymakers and bank managers to consider downsizing, because these Islamic banks have already grown beyond their most productive scale. Lastly, this study has provided further insights into banks' specific management and further facilitates directions for the sustainable competitiveness of Islamic banking in the future.
